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METHOD AND APPARATUS FOR QUADRATURE
MODULATION

BACKGROUND OF THE INVENTION

A portion of the disclosure of this patent document
contains material which is subject to copyright protec-
tion. The copyright owner has no objection to the fac-
simile reproduction by anyone of the patent document
or the patent disclosure, as it appears in the Patent and

Trademark Office patent file or records, but otherwise

reserves all copyright rights whatsoever.

This invention relates to quadrature amplitude modu-
lation systems in general and particularly to a system in
which signal components are modulated unto a subcar-
rier to allow for inclusion of carrier and bit sync infor-
mation at the center of the transmitted frequency spec-
trum. In a quadrature modulation system, designed for
radio transmission, it is desirable to transmit a pilot

10

15

carrier in order to facilitate reception and decoding of 20

the transmiited information. While it is known to trans-
mit a pilot carrier, such carriers have been added as a
side frequency to the quadrature amplitude modulated
signal. There are, however, limitations and disadvan-
tages to this approach. Due to selectively fading, such
as can occur on a radio path, problems can result where
the pilot carrier is spaced from the signal information.
Additionally, problems can occur due to limitations in
the passband of receivers i that the pllot carrier signal
may fall too close to or outside of receiver’s passband
filter edge. Consequently, it is desirable that such a pilot
carrier be located more centrally to the transmitted
frequency spectrum.

Where digital information is to be transmitted in a
synchronous manner, channel fading and noise can
prevent the maintenance of bit sync. In such a system it
is therefore desirable to transmit a bit sync signal with
the synchronous digital information. Like the pilot car-
rier, the bit sync signal should be provided as close to
the center of the transmltted frequency spectrum as
possible.

SUMMARY OF THE INVENTION

This method and apparatus for a quadrature ampli-
tude modulation permits the inclusion of both the car-
rier pilot and bit sync signals at and adjacent to the
center of the signal spectrum.

A method of transmitting a quadrature amplitude
modulated signal including the steps of: quadrature
modulating first and second signals onto a subcarrier:
quadrature modulating third and fourth signals onto a
subcarrier; quadrature modulating the first and second
quadrature modulated subcarriers onto a carrier; and
tranmitting the quadrature modulated carrier.

In one aspect of the invention, the method includes
the further step of providing a DC component with one
of the quadrature modulated subcarrier to produce a
pilot carrier. In another aspect of the invention, the
method includes the further step of providing a bit sync
signal with one of said quadrature modulated subcarri-
ers. In still another aspect of the invention, the signals
are digital signals having a predetemnned bit rate and
the bit sync signal has a frequency that 1S an integral
submultiple of the bit rate.
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In still another aspect of the invention, a method of 65

transmitting a quadrature amplitude modulated signal

includes the steps of reading from memory first and

second prototype pulses each including a subcarrier

2

component, summing the first and second prototype
pulses to produce a first quadrature modulated subcar-
rier, reading from memory third and fourth prototype
pulses each including a subcarrier component, summing
said third and fourth prototype pulses to produce a
second quadrature modulated subcarrier, quadrature
modulating a carrier with said first and second quadra-
ture modulated subcarriers and transrmttmg the quadra-
ture modulated carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a quadrature amplitude
modulation system in accordance with the present in-
vention, particularly suitable for the transmission of
analog signals.

FIG. 2 1s a block diagram of another quadrature am-
phitude modulation system in accordance with the pres-
ent invention, particularly suitable for the transmission
of digital signals.

FIG. 3 1s a schematic block diagram of another quad-
rature amplitude modulation system in accordance with
the present invention, which utilizes predetermined
pulse waveforms.

FIG. 4 is a schematic block diagram of a the transmit-
ter backend for use with the system of FIG. 3.

FIG. 5 is a graphical representation of the frequency
spectrum of a quadrature modulated signal with a pilot
carrier and bit sync signals in accordance with the pres-
ent inveniion.

FIG. 6A is a time line normalized for 1 bit per second.

FIG. 6B is a graphical representation of the offset
oscillator output cos (wgt).

FIG. 6C is a graphical representation of the fre-
quency quadrupler output or subcarrier cos (4wot).

FI1G. 6D 1s a graphical representation of the phase
shifter output or quadrature subcarrier cos
(4wot -+ Pi/2). |

FIG. 6E is a graphical representation of the S2 chan-
nel pulse P(t) modulated on the quadrature subcarrier of
FIG. 6D.

FI1G. 6F is a graphical representation of the S1 chan-
nel pulse P(t—1) modulated on the subcarrier of FIG.
6C.

F1G. 6G i1s a graphical representation of the S4 chan-
nel pulse P(t—2) modulated on the quadrature subcar-
rier of FIG. 6D. |

FIG. 6H i1s a graphical representation of the S3 chan-
nel pulse P(t 3) modulated on the subcarrier of FIG.
6C.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now by characters of reference to the
drawings and first to FIG. 1, a quadrature modulation
system is shown which is capable of providing a pilot
carrier signal in the center of the signal spectrum. Four
input signals S1-84 which can be independent analog
and/or digital signals are combined. This particular
system is most suitable for analog signals as no provision
1s made for insertion of bit sync information.

An offset oscillator 11 is used to provide a subcarrier
signal cos[wot]. Its output is also provided to a 90 de-
gree phase shifter 12 which provides a quadrature sub-
carrier signal cos(wgt-+Pi/2). The four input signals
S1-54 are applied to mixer or multiplier circuits 13-16
respectively. The subcarrier signal from oscillator 11 is
applied to mixers 13 and 15 while the quadrature sub-
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carrier signals, from phase shifter 12 is applied to mixers
14 and 16. The outputs of mixers 13 and 14 are com-
bined at summer 17, while the outputs of mixer 15 and
16 are combined at summer 18. The output of summer
17 1s the I;x or in-phase signal for modulation on the RF
carrier and the output of summer 18 is the Qx or quad-
rature signal for quadrature modulation on the RF car-

rier. Mixers 13 and 14 and summer 17 constitute means
for quadrature modulating first and second signals on a

first subcarrier while mixers 15 and 16 and summer 18
constitute means for quadrature modulating third and
fourth signals on a second subcarrier.

When it is desired to provide a pilot carrier signal for
transmission with the quadrature modulated signals, a
DC offset voltage, having a magnitude C, is applied to
one of the summers 17 and 18. In this embodiment, DC
voltage is applied to the summer 17. The outputs of
summers 17 or 18 are provided to mixer or multipliers
20 and 21 respectively. A carrier frequency oscillator 22
provides an in phase carrier signal cos(w.t) which is
applied to the mixer 20 and to the input of a 90 degree
phase shifter 23. The output of phase shifter 23, which
1s the quadrature carrier signal cos(wct--Pi/2), is ap-
plied to the mixer 21. The outputs of mixers 20 and 21
are provided to a summing circuit 24 to produce the
combined transmit signal X(t). The X(t) signal can then
be applied as through a bandpass filter and amplifier to
an antenna, which constitute means for transmitting the
quadrature modulated carrier, for radio transmission as
is discussed subsequently in regard to FIG. 4. The mix-
ers 20 and 21 and summer 24 constitute means for quad-
rature modulating the subcarriers onto a carrier.

When digital signals are to be transmitted, it is desir-
able to provide a bit sync signal. The bit sync signal can
be provided as sideband signals to the carrier signal and
be located in the frequency spectrum between the quad-
rature signals. A system suitable for digital communica-
tion is illustrated in FIG. 2. The parts of FIG. 2 which
are identical to the parts of FIG. 1 are indicated with
the same reference numeral. The principal difference
involves the offset oscillator arrangement. In this case,
the offset oscillator 11 provides an output frequency wg
which is one quarter of the oscillator frequency of FIG.
1. The frequency wgis chosen as an integer submultiple
of the bit rate and in the preferred embodiment is one-
fourth of the bit rate of each of the subchannels (one-six-
teenth of the total bit rate). The output of offset oscilla-
tor 11 of FIG. 2 is applied to a frequency quadrupler 30
for application to the phase shifter 12 and mixers 1314
16 in a manner identical to FIG. 1. However, the lower
frequency signal of offset oscillator 11 is also applied to
a amplifier 31 having an amplification factor equal to M.
Its output is applied, in this case, to the summer 18
constituting means for summing a sync signal with one
of the subcarriers. It will be understood that the output
of amplifier 31 could be applied to the summer 17 and
the carrier signal C applied to the summer 18 if desired
~ or both to the same summer. The I, and Qy, signals are
then quadrature modulated on the carrier frequency as
in FIG. 1. The output signal X(t) includes not only the
quadrature modulated signal components but also a
carrier and bit sync sidebands as illustrated in FIG. 5.
The S1-54 signals are preferably predetermined pulses
P(t) read from a memory ROM, such as it is disclosed in
co-pending U.S Pat. No. 4,737,969, issued Apr. 12,
1988, and owned by the assignee of this invention, the
disclosure of which is incorporated by reference as if
fully set out herein.
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When using stored pulses, the mixing or multiplica-
tion step of mixers 13-16 can be eliminated by reading
from memory pulses representative of the product of
the multiplication or mixing, provided the bit rate and
subcarrier frequency are related by an integer ratio.

FIG. 3 illustrates a microprocessor based system for
providing the I, and Q signals. In this case a digital
signal processor 31, constituting processor means, in-
cludes a data input 32 for receiving the digital data to be
transmitted. The digital data can be four independent
digital data stream or preferably a single data stream
can be subdivided as the S1-S4 signals. The processor
31 includes RAM 33 and ROM 34. The ROM 34 in-
cludes the preprogrammed waveforms which are be
summed to provide the I;x and Q;x signals. The I, signal
1s produced by adding an S1 stored pulse corresponding
to P(t—1) cos (4wgt) of FIG. 6F to an S2 signal corre-
sponding to P(t) cos (4wot+Pi/2) of FIG. 6E along
with the carrier amplitude constant C. Similarly for the
Q:x signal, the S3 signal P(t—3) cos (4wot) and the S4
stored pulse P(t) cos (4wot 4+ Pi/2) of FIG. 6G are added
along with the bit sync signal M cos (4wpot). The process
continues similarly for each successive set of 4 bits. It
will be appreciated that for a binary system it is only
necessary to store one prototype pulse. It is negated to
represent the other binary signal. Also as illustrated in
FIGS. 6E-6H, the same waveform is used on each
channel S1-S4 differing only in phase or time. While
the preferred embodiment utilizes binary or two level
signals, multilevel (e.g. 8 level) signals could be pro-
vided on each channel to increase information through-
put. It would then be necessary to store four pulses for
an 8 level signal since their negatives would represent
the other four levels which can be easily computed by
the processor 31.

The output of processor 31 is applied to a 12 bit D/A
converter 35. An oscillator circuit 40, having a crystal,
41 provides an output frequency equal to 2N X Bit Rate
which is applied to the clock input of processor 31 and
the clock inputs of counters 42 and 43. Counter 42,
constituting a divide by N counter, provides 0 degree
and a — 180 degree outputs, which are applied to the
processor 31 as a sample sync interrupts and are also
applied to sample and hold circuits 44 and 45, respec-
tively. These are at twice the bit rate to permit the
single D/A converter 35 to be used for both the I;, and
Q:x signals. The inputs of sample and hold circuits 44
and 45 are connected to the output of the D/A con-
verter 35. Low pass filters 46 and 47 are connected to
the outputs of the sample and hold circuits 44 and 45
with their outputs providing the Qs and I transmit
signals. These are then quadrature modulated on the
carrier frequency w¢as in FIG. 1 and 2. In this embodi-
ment, a Texas Instruments TMS 32020 Digital Signal
Processor can be utilized. The object code including the
prototype pulse information as stored in ROM 34 is
given in Table 1, which is appended hereto.

Referring now to FIG. 4, the radio backend for quad-
rature modulation of the I, and Qg signals of FIG. 3
onto a carrier, 1s illustrated. The I, and Q signals are
applied to mixers 51 and 52 respectively which corre-
spond to the mixers 20 and 21 of FIGS. 1 and 2. The
carrier and 90 degrees quadrature carrier signals are
provided to mixers 51 and 52 respectively, as by carrier
frequency oscillator 53 which corresponds to the car-
rier frequency oscillator 22 and phase shifter 23. The
output of mixers 51 and 52 are applied to a summer 54
whose output provides the transmit signal X(t).



The backend of the transmitter is identical to that to
be used in the circuits of FIG. 1 and FIG. 2. The output
of the summer 54 in this case, or the summer 24 of
FIGS. 1 and 2, is applied to a bandpass filter 55 having
its output applied to a linear RF amplifier 56, the output 5
. of which is transmitted via antenna 7. The transmitted
signal includes the input signals modulated on subcarri-
ers, the center carrier signal and the two carrier side-
band bit sync signals as illustrated in FIG. 3. The carrier
and bit sync signals are useful when demodulating the 10
received transmitted signal in order to compensate for-
selective fading that can occur over a radio path.

In operation, a

o 4,816,783
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a first pair of signals are ‘quadrature
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TABLE 1

KOOQOXMT I1.590000BFFB0OBO020BFFBOBOSY9BFFBOBOS?990020BCEOZBCEO77F187F

BCBOOBCEOBBS5589BC103BD0O01 BFFFFBSOA0OBDO0 I BFFC1 B&OAOBCAOOBSEBEBOBCBOL7FOETF
BCAQ1 BLOLEBSOLGF BBOSOBYFSOBFB880B014BBDO01BO7CFBL04TBD001 BOOCSBAOLUD7F 130F
B2O4EB1O4FBSLOLEBF180BO04FBCA19BL0O4EBC104BDO01 BFFC2BS0OBOBCEOOBCELIF7FOF LF
BC104BDO0O1 BFFC2B4&0BOBFFBOB0O0S1 BCEOOBCE1FBDOOI BOSSDBLO4CBDOOIBOIEE7F101F
B&O4DBCEOOBCE1FBD0O01 BOSEBBSO4CBDO01BO218B&04DBCEOOBCELIFBDO01BO1357F 10BF
B&04CBDO0O 1 BOOFDB&0O4DBCEGOBCE 1 FBDOO1BFFO3B4604CBDO0 1 BFECBBA04DBCEOO7FOCEF
BCE1FBDOO1BFDEBBAO4CBDOOI BFC1SB4604DBCEOOBCE IFBDOO1 BFE12B404CBD0O01 7FOBGF
BFYA3B&L&O4DBCEOOBCEIFBDOO1BFF3BB&04CBDO01IBFB831B&604DBCEOOBCE 1FBDOO17FOB3F
BOOC3B604CBD0O0OI BFB31B4O4DBCEOOBCE 1 FBRDOOIBOIEEBAOACBDO0I BFRA3BL04L4D7FOFBF
BCEOOBCE1FBDO01B0218B4&04CBD0O01IBFC1SB404DBCEOOBCE IFBD0O01 BOOFDBLOLL 7FOELF

BDOO1BFECBB&60O4DBCEOOBCE 1FBDOO I BFECBB&A04CBD0O0O 1 BOOFDBAO4DBCEOOBCELF7FO7FF

BDOO1BFC13B&04CBD0O01B0218B604DBCEOOBCEIFBDO0OI BFYA3BS0O4CBDO01BOIEE7F 104F
B&O4DBCEOOBCE1FBDO0O1BFB31B&04CEDO01BOOCSB4&04DBCEOOBCE {FBDOO1BFB317FOEDF
B&04CBDOO 1 BFF3BB604DBCEQOBCE IFBDO0O1 BFA3BL0O4CBDOOI BFEI12RBSO4DBCEDOO7FQLIF
BCE1FBDOO1BFC15B604CBD001 BFDEBBA0O4DBCEOOBCE IFBDOOI BFECBB&0O4CBDOO17FO97F
BFFO3B4&04DBCEOOBCELIFBDOC1BOOFDBAO4CBDO0IBO135B&O4DBCEOOBCE1FBDOOL 7FOE7F
BO218B4604CBD0O01BO3EBBAO4DBCEQOBCE1FBDO01 BOIEEBSO4CBDOO1 BOSSDBAOLDTF 1 1 4F
BCEOOBCEIFBDOOI BOOCSBS0O4CBDO0O1BO7CFBSO4DBCEQOBCEIFBDOO I BFFABB&OLC7EQLLF
BDOO1BO7CFB&O4DBCEOOBCE 1FBDOO1IBFE12B604CBD001 BO&SDBLO4DBCEOOBCE1F7FOCCF
BDOO1BFDEBB&04CBDO01 BO3EBBLOGDBCEOOBCE IFBDOOIBFFO3B604CRBD0O01IBOI3S7FOF3F
B6&6OL4DBCECOBCELIFBDO01BO1 358B504CBDO0O I BFFO3BLO4DBCEQOBCE 1FBDO0O1 BO3ERB7FOE7F
B604CBDOOI BFDEBBSO4DBCEOOBCE 1 FBEDOO1 BO6SDBAOL4CBDOOIBFE 1 2BAO4DBCEOO7FOD7F
BCE1FBDOO1BO7CFB&LO4CBDOO I BFF3BB&04DBCEOOBCE I FBFFS80B00346BD 1 00BO2007FODFF
BCB&IBFCAOBOS?DBCEOSBLB0LBD 1 00BO300BCBIFBFCAOBO&L0O1 BYESOBFSBOBO1707FOFOF
BD100B0O320BCBOABFCAOBOA4DBD 1 00B032BBCBOABFCACBO&SSBD100B0336BCBOA7F10LF
BFCAOBO&4L3BD100BO341 BCBOABFCAOBOGALEBFFEOBOIB4BDIC L )320BCBOABFCAO7FOEDE
BO&621BD100BO32BBCBOABFCAOBOSL2CBD100B0O336BCHBOABFCE "™ )637BD100BO34 1 7F 131F
BCROABFCAOBO&42BCA00OBA000OBD100B0329BCRBOSBSDIOBFFSABD 1 00B0O334BCBOY7FOFCE
BSDYOBFF46BCE135B604CBCA0OOBAOOOBD 1 00BO33FBCBOYBSDY0OBFFE32BD100B0O34A7FOFBF
BCBOYBSDYOBFF1EBCE15B0017B604DB204EB1O4FB&OUEBF 180B01 B4BCA1 9BLOLE7FOF LIF
BC104BDOO1BFFC2B4L0OBOBCECOBCEIFBLC104BD00 1 BFFL2BL0OB0OBEF80801 B&4BCEDO7EFODBF
BCE1FBCAOOBAQCOOBD100BO329BCBOYBSDYOBFFSOBD100B0O334BCRBOSBSDOOBFEFIC7FOELF
BCE 15B604CBCAOOBAOOOBD 100BO33FBCBOYBSDY0BFF28BD100B034ABCBOSBSDY0O7FOFBF
BFF14BCE1SBO0O18BA04DBCEQOBLCEIFBCADOBAOOOBD 1 00BO329BCBOSYBSDROBEF4&7FOELF
BD100B0O334BCBOYBSD?0OBFF 32BCE1SB&04CBCAOOBAOOOBD 1 00BO33FBCBOYESDYO7F 10EF
BFF1EBDI0O0OBO34ABCBOTBSDYOBFFOABCE 15B00198B604DBCEOOBCE $1FBCAOOBAOOO7FOCIF
BD100OBO329BCBOYBSDYOBFF3CBD100B0O334BCBOYBSDYOBFFEBBCE 1 SB6O4CBCAOO7FOELF
BA0OOBD100BO33FRCBOYBSLFOBFF148D100B0O34ABCBOYBSC0BFFOOBCE 15SBO01A7EF10SF
B&6O4DBA0O3AB6036B2045B604 1 BCEOOBCE IFBCAOCOBAOOOBD 1 00B0O329BCBOYBSDSO7F 147F
BFF32BD100B0334BCBOYB5SDY0BFF 1EBCE 1 5B4604CBCACOBAOOOBD 100B0O33FBCBOY7F OEEF
BSDFOBFFSABD100BO34ABCBOYBSDYOBFFL&BLCE1SBO0O1 BBAO4DBCEOOBLCE 1FBCAOO7FOAEF
BAOOOBD100B0329BCBOYBSDYOBFF2B8ED1008B0334BCBOYBSDYOBFF 14BCE15B604C7F10AF
BCAQOBAOOOBD100B0O33FBLCBOYBSDYOBFFS0BD100B0O34ABCBOYBSDIORBEF3CBCELIS7FODBE
BOO1CB&60O4DBCECOBCE 1 FBCAOOBAOOOBD 1 00B0O329BCBOSESDYOBFF 1EBDI1OOBO3347F 1 ODF
BCBOYBSDSOBFFOABCE1S5SB604CBCACOBAOCOBD 100B033FBCBOYBSDYOBFF44BD1007FODAF
BO34ABCBOYBSDYOBFF32BCE1 58001 DB604DBCEOOBCE 1 FBCAOOBACOOBD I OOBO3297FOF &F
BCBOSBSCY0BFF14BD100BO334BCBOYBSCY0BFFOOBCE 1 SB404CB2024B&020B202F 7F 1 20F
B&OBBCAOOBAOOOBD I 00BO33F BCBOYBSDIOBFFACBD100BO34ABCBOYBSDYOBFF287F OEAF
BCE15BOOIEBSOLWDBCEOOBLE 1 FBCAOOBAROOOBD 1 00B0329BCBOYBSDI0BFFSABD 1 007FOE7E
BO334BCBOYBSDYOBFFGLBCE15BS0LCBCAOOBAOOOEBD 1 00BO33FBRCBOSBSDSOBFF327FOEDF
BD100BO34ABCBOYBSDSOBFFIEBCE1SB001FB&04DBCEQOBLCE 1FBCAOOBAOOOBD1007FODCF

BO329BCBOFBSDROBFFS0OBD100B0O334BCBOYBSDPOBFF3CBCE 15B4604CBCAOOBAOQQ7FOEFF
BD100B0O33FBCBOYBSD?0BFF2B8BD100B034ABCB0YBSDS0BFF 1 4BCE 158B0000B604D7FOFEF
BCEOOBCEIFECAOOEQOOOED1OOEOEEQHCBOQBSDQOEFthﬂD100503348CEO?BSD907FOFBF

XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
XMT
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XMT
XMT
XMT
XMT
XMT
XMT

XMT

XMT
XMT
XMT
XMT
XMTY
MT
XMT
XMT

XMT

XMT
XMT
XMT
XMT
XMT
XMT
M7
XMT
XMT
XMT
XMT

- XMT

XMT
XMT
XMT
XMT

- modulated onto a first subcarrier while a second pair of
‘signals are quadrature modulated onto a second subcar-
rier. The two quadrature modulated subcarriers are
then quadrature modulated onto the carrier resulting in
the information carrying components signal being
spaced from the carrier frequency. A pilot carrier signal
.and bit sync signals can be inserted between sidebands
carrying the twice quadrature modulated information
signals. This provides a spectrally efficient signal capa-
ble of being successfully transmitted over an unstable
.channel. Consequently, it can be used in applications,
such as land mobile radio where conventional quadra-
ture amplitude modulation cannot be reliably applied.
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I claim as my invention:

1. A method of transrruttmg a quadrature amplitude
modulated signal comprising the steps of:
 quadrature modulating first and second signals onto a

first subcarrier, quadrature modulating third and

fourth signals onto a second subcarrier,

quadrature modulating said first and second quadra-

ture modulated subcarriers onto a carrier, and

transmitting said quadrature modulated carrier,

2. A method of transmtttmg a quadrature amphtude

modulated signal comprising the steps of: .

quadrature modulating first and second signals onto a
first subcarrier

quadrature modulating third and fourth signals onto a
second subcarrier,

providing a DC component with one of said quadra-
ture modulated subcarrlers for producing a pilot
carrier,

quadrature modulating said quadrature first and sec-.

b

10

15

ond quadrature modulated subcarriers onto a car- 20

rier, and |
transmitting said quadrature modulated carrier.
3. A method of tranSmitting quadrature amplitude
modulated signal as defined in claim 1, comprising the

further step of providing a bit sync signal with one of 23

said quadrature modulated subcarriers.

4. A method as defined in claim 3, in which the sig-
nals are digital signals having a predetermined bit rate

and the bit sync signal has a frequency that is an integral

multiple of said bit rate.

5. A method of transmittmg a quadrature amphtude
modulated signal, comprising:
reading from memory first and second prototype
pulses each including a subcarrier component,

summing said first and second prototype pulses to

produce a first quadrature modulated subcarrier,

reading from memory third and fourth prototype::

pulses each including a subcarrier component,
summing said third and fourth prototype pulses to
produce a second quadrature modulated subcar-
rier,
quadrature modulating a carrier with said first and
second quadrature modulated subcarriers, and
transmitting said quadrature modulated carrier.

6. A method of transmitting a quadrature amplitude
modulated signal comprising:

reading from memory first and second prototype

pulses each including a subcarrier component,

30

35
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summing said first and second prototype pulses to
produce a first quadrature modulated subcarrier,

reading form memory third and fourth prototype
pulses each including a subcarrier component,

summing said third and fourth prototype pulses to
produce a second quadrature modulated subcar-
rier,

quadrature modulating a carrier with said first and

second quadrature modulated subcarriers,
summing an offset with one of said summed pulses

prior to quadrature modulating said carrier, and
transmitting said quadrature modulated carrier,

7. A method of transmitting a quadrature amplitude
modulated signals defined in claim 5 including the fur-
ther step of summmg a sync signal with one of said
summed pulses prior to quadrature modulating said

carrier.
8. An apparatus for transmitting quadrature modu-

lated signals comprising:

means for quadrature modulating first and second

signals on a first subcarrier, |

means for quadrature modulating third and fourth

signals onto a second subcarrier,

means for quadrature modulating said first and sec-

ond subcarriers onto a carrier, and

means for transmitting said quadrature modulated

carrier. |

9. An apparatus for transmitting quadrature modu-
lated signals comprising:

means for quadrature modulating first and second

 signals on a first subcarrier,

means for quadrature modulating third and fourth

signals onto a second subcarrier,

means for summing a sync signal wnh one of said

subcarriers,

means for quadrature modulating said first and sec-

ond subcarriers onto a carrier, and

means for transmitting said quadrature modulated

carrier.

10. An apparatus as defined in claim 9, in which a
processor means 18 used for quadrature modulating said
first and second signals and said third and fourth signals.

'11. An apparatus as defined in claim 10, in which said
processor means includes a memory means containing a
prototype pulse having a subcarrier component, and
said first and second subcarriers produced by summing

prototype pulses In sald microprocessor means.
% ok k¥
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